The potential of Near Infrared Spectroscopy (NIRS) in quality control of Traditional Chinese Medicine has been evaluated. This study focuses on a rapid and non-destructive quantitative method for the determination of schaftoside acid content in Desmodium styracifolium by near-infrared spectroscopy. The schaftoside acid contents of 103 samples were determined by HPLC. The NIRS quantitative model of the ethanol extracts content was performed by partial least-squares (PLS) regression as linear regression with analysis values as calibration reference using 2nd derivative method as spectral preprocessing options. The model was verified by internal cross validation and external predictive validation with 22 Desmodium styracifolium samples. The correlation coefficients (r), the root-mean-square error of calibration (RMSEC), the root-mean-square error of prediction (RMSEP) and the root-mean-square error of cross-validation (RMSECV) of the calibration model for ethanol extracts content were 0.97201, 0.147, 0.162 and 0.433, respectively. The average recovery was 99.82%, and t-test showed that P > 0.5. Precision and repeatability RSD were 1.75% and 1.17%, RPD > 2.5. The data obtained from results showed that calibration model of NIRS was verified to be reliable, suggesting that the quantitative NIR models can be qualified to accurately quantify the ethanol extracts content of Desmodium styracifolium rapidly.
Introduction
Desmodium styracifolium (Osb.) Merr. (D. styracifolium), a plant belonging to genus Desmodium, family Fabaceae, is a traditional Chinese medicine that Spectral Analysis Reviews mainly distributes in China such as Guangdong, Guangxi and Hainan. It has been highlighted the use of its dry aerial parts as a cool-natured, sweet medicine for the treatment of many aliments like heat clearing, dampness, detumescence and kidney stone in clinical [1] . D. styracifolium has been confirmed having prophylactic effect in vitro study [2] [3] , as well as antiurolithic and antioxidant activities in vivo study [4] [5] . Phytochemical studies have shown that D. styracifolium contains alkaloids, flavonoids, glycosides, phenols, tannins and many other chemical components [6] , of which schaftoside acid is an active component that recorded in the Chinese Pharmacopoeia of 2015 edition (ChP) for quality control of ingredients [7] . Traditional Chinese medicine showed the presence of different chemical components. However, they are hardly to be rapidly determined. In recent years, Near Infrared Spectroscopy (NIR) technology has been widely applied in discrimination of Chinese medicinal material and Chinese medicinal preparations for its rapidity, non-destructiveness and accuracy [8] [9] [10] .
Near-infrared Spectroscopy (NIRS), a new rapidly and environmentally friendly analytical technology, has shown substantial promise and proved to be very effective for analysis and determination of agricultural products, food, petrochemical industry, traditional Chinese medicine, tobacco and wine, etc. due to its function of rapid, convenient and nondestructive testing and adaptability to on-line analysis [1] - [10] . Its region covers the wavelength range 12,000 -4000 cm −1 (750 -2500 nm), and the absorption covers enough chemical information for qualitative and quantitative analysis of TCM. Generally, the NIR mathematical models are established combined with multivariate data analysis methods including partial least-squares regression (PLSR), artificial neural networks (ANN), principle component analysis, multiple linear regression etc., among which PLS and ANN had been widely used in NIR analysis [11] .
So far, we have found no report about the application of Near-Infrared Spectroscopy in determination of schaftoside acid in D. styracifolium. Therefore, In this study, a collection of D. styracifolium from different producing areas has been determined by NIR methods using PLS, combined with a series of spectra preprocessing combination optimization, to set up the content of calibration model. Finally, the content of schaftoside acid has been carried on the quantitative analysis to develop a model of D. styracifolium and search for a better system of quality evaluation. 
Materials and Methods

Plant Materials
Near Infrared Instrument
The NIRS were measured with Fourier transform NIRS analyzer, furnished with integrating sphere (diffuse reflection, InGaAs detector), sample spinner, quartz sample cup attachments. This instrument was controlled with the OMNIC software (Nicolet 6700, Thermo scientific, USA). Classification analysis was carried out using TQ analyst 8.0 software, and clustering was calculated by OPUS 6.5 software (Bruker, Germany).
NIRS Data Collecting and Analysis
Each powdered sample about 4 g was weighed and fully mixed in the quartz sample cup with slightly quaking to be fully distributed. All the NIRS datas were acquired under the same measurement conditions i.e. scan region: 12,000 -4000
; number of scans: 32; resolution: 8 cm
; temperature: 25˚C ± 2˚C; relative humidity: 40% -45%. Each pulverized sample was loaded and measured five times to obtained five spectrums of the same sample, the mean of which was for analysis. All the spectrums were represented in Figure 1 .
Results
Selection of Spectral Pretreatment for the Calibration Model
Differences between NIRS spectrum will be occurred due to the particle size, Figure 1 . Near-infrared spectra of 103 Desmodium styracifolium samples.
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DOI: 10.4236/sar.2018.62003 36 Spectral Analysis Reviews crystal shape and other physical properties of powder samples in collection of near infrared diffuse reflectance spectra of the sample. Therefore, the combination of computer software technology and chemometrics method to pretreat the original spectrum was carried out in order to remove the spectral drift caused by the differences between sample physical properties, improve the resolution and sensitivity, distinguish the overlapping peaks and shoulder peaks, reduce the signal-to-noise ratio, and ensure a good correlation between the spectral data and component information [10] . The pretreatment of spectral includes Multiplicative scatter correction (MSC), standard normal variate (SNV), 1st derivative, or 2nd derivative methods. MSC and SNV methods were used to eliminate the influence of radiation scattering customary, and 1st and 2nd derivative spectra were compared to solve the effects of baseline drift. The data listed in Table 1 revealed that the optimal parameters for the calibration model were that second derivative as spectral pre-processing method due to its higher coefficient of cor-
) and lower RMSEC and RMSEV. In this study, we use partial least squares method for the modeling approach after getting the pretreatment data. 
Selection of the Wave Band for the Calibration Model
The selection of suitable wave band is an important step for calibration models building. Generally the performance of calibration models would be greatly influenced when the selected wave band is too wide to cover a large numbers of miscellaneous information. By contrast, the calibration models may be overfitting when the selected wave band is too narrow to lose the important structural information. In this study, r 2 , RMSEC, RMSEP and RESEV were used as the integrated indicators to study the effects of different wave band for the model. It Table   2 .
Selection of the Optimum Number of Factors for the Calibration Model
In order to make full use of the effective information of the spectrum signal and avoid overfitting state while using PLS method to establish the quantitative calibration models, it is necessary to make a reasonable selection in the main factors. In this study, the optimum number of factors was selected regarding the lowest values of RMSECV using cross validation method [12] . It was found that the minimum value of RMSECV was 0.433, and the best main factor was corresponding to the number 7. The results were showed in Figure 2 .
Establishment of Calibration Models
The contents of schaftoside acid in D. styracifolium of 103 samples were determined by HPLC. Each sample was determined for three times to obtain the average value. The results of methodology verification including the calibration Figure 3 , which can be seen that the calibration samples uniformly distributed on both side of the regression line.
RMSECV obtained by internal cross-validation was 0.433, and r 2 of the model was 0.972, which meet the requirements of r 2 > 0.95 and RMSECV < 1.5. The results showed the preferably quality of the model to predict high precision. A Deviation between NIR value and HPLC value of calibration and validation samples was showed in Figure 4 , with absolute deviations of ±0.4 between calibration and validation.
External Validation of the Calibration Model [4]
External validation of the performance of the calibration models including their 
Validation of the Above Method
Inspection of Precision
A sample powder 4 g was weighed to get NIR spectrum scanning six times repeatedly, and inputs NIR analysis model to calculate the content. It was found that the RSD is 1.75%.
Inspection of Repeatability
Each of six sample powders 4 g was weighed, respectively, to get NIR spectrum scanning six times repeatedly, and inputs NIR analysis model to calculate the content. It was found that the RSD is 1.17%.
Discussion
Since validation were put forward in this paper to ensure that the result of the analysis was accurate and effective. Therefore, the validation of NIRS method can be used in traditional Chinese medicine production, from medicinal materials to the final preparation process monitoring.
Conclusion
The experiments were carried out by near-infrared spectroscopy combined with process on online analysis of conventional method, and is fast, without compromising to the medicine, which can be used as the rapid detective methods in content of medicines, and can be applied to the process of content quality control.
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